Fuller et al. (Reports, 23 May 2008, p. 1074 reported that the dorsomedial hypothalamus contains a Bmal1-based oscillator that can drive food-entrained circadian rhythms. We report that mice bearing a null mutation of Bmal1 exhibit normal food-anticipatory circadian rhythms. Lack of food anticipation in Bmal1 -/-mice reported by Fuller et al. may reflect morbidity due to weight loss, thus raising questions about their conclusions. D aily cycles of food availability have a powerful influence on circadian organization of behavior and physiology in mammals. Regular mealtimes induce food-anticipatory behavioral rhythms with circadian properties similar to those of light-entrainable rhythms (1, 2) and set the phase of circadian oscillators in most peripheral organs (3). The suprachiasmatic nucleus (SCN) is the site of the circadian pacemaker that mediates light-entrainable rhythms, but it is not required for the generation of food-anticipatory rhythms.
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Fuller et al. (4) reported that targeted null mutation of the canonical circadian clock gene Bmal1 eliminates both light-entrainable and foodanticipatory rhythms in mice. Virally mediated rescue of Bmal1 limited to the SCN selectively restored light-entrainable circadian rhythms in these mice, whereas rescue limited to the dorsomedial nucleus of the hypothalamus (DMH) selectively restored food-anticipatory rhythms of activity and body temperature. This work builds on an earlier report from the same laboratory that partial DMH lesions induced by the excitotoxin ibotenic acid attenuate or eliminate food-anticipatory rhythms in rats fed a single daily meal during the usual rest phase of the circadian sleep-wake cycle (5) . Others have shown that the DMH (among a number of brain regions) expresses daily rhythms of circadian clock gene expression synchronized by scheduled feeding (6) , although this is related to caloric restriction and not to food-anticipatory rhythms per se (7). Fuller et al. (4) interpreted their results to indicate that the DMH is the site of the longsought food-entrainable circadian pacemaker for behavior.
We question the evidence and dispute the conclusion that food-anticipatory behavioral rhythms are driven by a Bmal1-dependent circadian pacemaker in the DMH. Our laboratories have also conducted extensive analyses of food restriction in Bmal1
-/-mice and have found no deficit in the expression of food-anticipatory activity rhythms, either in a standard light-dark (LD) cycle, in constant dark, or during one or two cycles of fasting after scheduled feeding in LD. Similar results have been presented recently (8) . As illustrated in Fig. 1, Bmal1 -/-mice in constant dark exhibit unambiguous, robust food-anticipatory activity to a daily 4-hour meal. Group mean average waveforms reveal anticipatory rhythms of similar timing and magnitude in wild-type (Fig. 1C) and Bmal1 -/-mice (Fig. 1D) . None of the Bmal1 -/-failed to anticipate mealtime.
Why food-anticipatory rhythms appear to be severely affected by Bmal1 knockout in Fuller et al. (4) is uncertain but may be related to how the mice were fed. Mice in that study were maintained on a single 4-hour daily meal. The standard procedure for studying food-anticipatory rhythms in mice (as opposed to rats) is to gradually reduce the duration of food availability over several days or more, to prevent excessive weight loss. Bmal1 -/-mice appear particularly vulnerable to restricted feeding schedules, likely due in part to impaired glucose homeostasis (9) and reduced mobility caused by progressive, noninflammatory arthropathy (10) . If food availability is abruptly limited to 4 hours per day, mortality rates in Bmal1 -/-mice approach 80% (11) . In preliminary work, we also observed inadequate food intake in Bmal1 -/-mice during time-limited feeding schedules if chow pellets were provided in overhead food hoppers rather than on the cage floor. Fuller et al. (4) did not report mortality or body weight data but did note that mutant mice "often slept or were in torpor through the window of [food availability], requiring us to arouse them by gentle handling after presentation of food to avoid their starvation and death." Torpor is not a natural state in wild-type mice of this strain and was not apparent in our studies or in the study of Storch and Weitz (8, 11), in which Bmal1
-/-mice were appropriately adapted to time-limited feeding. Notably, Bmal1
-/-mice in these studies appeared healthy and exhibited clear food anticipation. We suggest that the food-restriction procedure used by Fuller et al. was too severe and that the lack of food anticipation in their Bmal1 -/-mice was an artifact of morbidity.
The DMH lesion results previously reported by the Saper laboratory (5) also differ from those obtained in other laboratories. Three studies have shown no deficit in food anticipation after complete DMH ablation by radio-frequency lesions, in either rats in LD (12, 13) , or mice in LD or constant dark (14) . A fourth study has confirmed that excitotoxic DMH lesions (unlike radio-frequency lesions) may attenuate anticipation of a mid-day meal, but that robust food-anticipatory rhythms are revealed immediately (i.e., are unmasked) by subsequent ablation of the SCN (15) . Clearly, the DMH is not required for the generation of foodanticipatory rhythms, although it may participate by inhibiting outputs from the SCN that normally promote sleep during the day and that pass through the medial hypothalamic area destroyed by radiofrequency DMH lesions.
Fuller et al. (4) suggest that rodents lacking a food-entrainable pacemaker (by lesion or knockout) might anticipate a mid-day meal by associating food with lights. The results presented here and elsewhere (8) demonstrate that LD cues are not necessary for food anticipation in Bmal1 -/-mice. Previous work has shown that food anticipatory rhythms in rats are not affected by shifting or eliminating the LD cycle (1, 2) and that external cues actually delay the onset and reduce the magnitude of anticipatory rhythms [e.g., (16) ]. Moreover, given the similarity of food anticipatory rhythms in DMH-ablated rats and intact controls [e.g., (10, 12) ], the argument that these animals anticipate a daily meal by radically different timing mechanisms (i.e., associative learning or interval timing versus entrainment of a circadian oscillator) seems implausible.
The clear preservation of food-anticipatory behavioral rhythms in Bmal1 -/-mice and in DMH-ablated rats indicates that the molecular and neural bases for these rhythms remain to be established.
Fig. 1. Activity rhythms of wild-type (A) and Bmal1
-/-(B) mice (17) . Each line represents 48 hours, plotted in 20-min bins from the left. Consecutive days are also aligned vertically, that is, the charts are double-plotted. Activity was measured by passive infrared motion sensors mounted 30 cm above each cage. Activity data were normalized to the daily mean and are represented by heavy bars, in quartile heights. During the first 14 days, food was available ad libitum, for 7 days in LD (12-hour photoperiod denoted by yellow shading) and 7 days in constant dark (gray shading). Food restriction schedules began after the horizontal red line and were conducted in constant dark. After 30 hours of food deprivation (FD1), food was available for 8 hours (RF1st.1), then reduced to 6 hours and 4 hours over the next 2 days, respectively. RF1-5 denotes 7-day blocks of 4 hour/day feeding (green shading). Blocks RF4 and 5 are separated by 4 days of ad-lib feeding (green shading) and 30 hours of food deprivation (FD2). (C and D) Group activity profiles from wild-type mice (n = 4) and Bmal1 -/-mice (n = 5), respectively, averaged in 10-min bins over days 22 to 28 (block RF4) of restricted feeding in constant dark. Green shading denotes the 4-hour daily mealtime.
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